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The hydro?Qmamic qualitiee of inta~’estiilthe normal oyerablon
seaplane, established ovev a period of yems h model testina

and by soma kI10Wk@3 of fW-SiZO- o~ratiorlj are s~~ized ~ -
briefly discussed. The qualitfes provide a basis for the determi-
nation of consident informrkion for a nunber of seaplanes that
can eventually be correlated &.th pilotD* opiti.oaeto establish
quantitative requix’ementsfor satisfqctory handling on the ~atar,

—

Tincyclso provida maans i’o:comperati~e evaluations “ofdifYeront
seaplanes and direct correlations between model teats ar.dactual
seaplane oyeration. A suggested tabvlatian of the infcmmation
required for a compreher=”ivehydrodynamic evaluaticm of a seanlana
is given in en appendix.

-,

INTRODUCTION

In research on seaphnas conducted
Committae far .!-aronautissit has bec~e

by tke Iia.tionalAd.viso~
desirable cc svmmarize

briefly the hydrodynamic qualities that have been used in%&
L~ley tarks to evaluate the relative merit of var3kus-seaplanes,
the relative impo~tsnce of vari.ounoparationel parematcws, end
tho relative effectiveness of various modifications of seaplane
designs. These qualities have been established over a @5.oJ” of
years by a large amount of model testing aq well es by a,Emi%ed
amount of experience with actual seaplane o~eration. The gualities
are confined in the most gart to recognizabla characteristics during
familiar ?mineuversand to those characteristics susceptible”of
direct meamrament duri~ normal operation on the wate~.

TMs paTer is inteniledto serve in.a broad sense as a ccomuon
basis for further seaplane flight testing, tank investigations,
end desi~. It thus 3ecmas m outli~ for a dete~nation of
consistent information regarddryjthe qucllties of “anwiber of
seaplanes that can eventually be correlated with pilots* opinions
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to establish quantitative requirements for satisfactory hydro-
-C qualities. Such research would be a logical extension
to that carried out by the NACA on the requirements for satis-
factory flying qualities of afrplsmeso

Tho qualities 13sted do not fnclude’refwence to the final
control forces and movements, which &K, of first importance frcm
the pilots’ point of view and are em essential part of the f3yi~-
quallties resommch. Moreover, the qualities carmot be considered
ccm.pleteat the present time but are subject to revlsione snd
additions with new seapleae developments andnoro full-size tewkbga

A large part of the tsnk experience has %een with large multi-
enginedconflgu~ations having relatively high wing, power, and hu13,
loadlngs. The relative importance of the qualities chsnges with
the loadings; hence those describedmy not be equally applicable
to all classes ofl-eeaylanes.Tho quslities are, however, repre-
sentative of thoso receiving most attention at yresent.

of a

HX12ROUYNAMICQT3AL.13U23S

The hydrodynamic q,zalitie=of interestfin the normal operation
se~plane my be grouped under four hecxlingeas follows:

1. Lon@tudinaL stqbility and control

\
a) Trim Umits of stability
b) Center-of-gravitylimits of stalility
(C) Landing stability

2. Seawoi%hiness

[

a) Spray
b) Motions and accelerations

.

.

[

.-

—

in rough water

.3. I?erformence

[
a) Take-off acceleration
b) Take-off time and distance ,

4. Lat&a3. stability and control

I

a) Handling in close.querte?x!
b) Taxying
c) T&e-off end lending

These g.ued.ttiessre discussed briefly in the order namd, end.
typical.data frcxumodel investigations ere presented~ when available,
to illustrate the types of plotting bolievedto be most usefult The
discusslonlms %een &ade independent

#

of detailed references, but

I
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additional information and exsnrplesof the patterns to be expected
may be found in verious N.&CApapers on seaplemes.

LONCZ’I!UDINALSTABILITY AND CONPROL

Trim Limits of Stakdlt+q-

The trim limits of stdxl.litydefine the range~ of ti*im end
speed in which porpoisir~ occurs and ~ovide tho basis for investi-
gating dynamic lcmgitudinal stability on the water. Typical.
trim limits for various multienginedfly* boats as determind.
by @x5mic-tiel tests in the Langley tanks ere shown in fieure 1.

In generel, seaphzes am dynem.ic&ilystable in the d.is@acement-
speed rsmge u~ to the h-.m~s-peed..At planing speds, there is a
stable r~e of trim bcmnled by the uppe~ end lower trim limit cf
stability. Both limits =-e a functioa of the loai on the hull; hence,
for configurationswhei-esli~ti-e~ has a large effect on wing lift,
the limits are lowered.ly the application of power as shown.

Lower trti limlt.- Porpoising below the lower limit wimerily
involves the forebody end is first found at a speed slightly above
the hump whero the afterbody comes clear..andat a trim nem the
sternpost sngle (angle %etween tke forehody keel end a line joining
the t’orebodykeel at the main ”stepwith the sternpost or after end
of the efterbody keel). The luwer limit decreases rayidly with
speed snd, for conventional hulls, a.ppro.achesa trim at high planing
speeds between 1° and 2° ~-eferredto the foiaebo~ keel.

The loirerlimit is not always well-defined at speeds near the
hump but is more definite at higher speeds. VOry small external
disturbances ere sufficient to ~tart the ~orpoising once the
limit has %een crossed.

The l~ei- limit is saxethes affected at high s~eeds by after-
%* wetti

T
or other interference flows. Such an effect is sham

in figure 1 c) in which the limit, power on, apparently jmnps
suddenly to the limlt, yower off’,near a speed of 60 miles yer hour.

~er tr4imlimits.- 2orpoising above tho upper limits involves
both the forebody and at’ter?mdy. It my begin near the hump speed,

●

but the limits are usually determined f~cm a h3@er s~ed at which
the trims can be atteined with available up-elevator and after
Cent8r-Of-@aVity positions to the tak6-off speed..
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In general, the u~per limlts hewe ti brsnche~. The first
%remch is o%tained in go% frcm the stable.to tho unstable ranget
The secon~ branch, lying below the fir~t-,corresponds to the trims
at which the mornoisi~ stop once it hes been qtmtod. This
hysteresis is”th~ result of the aftertxx!ymnning inthswako of
the forebody.

Tho two brenohes slmoet cohoido at the low-speed eadlmt,
when the porpoisimg is violent, diverge rapidly at higher speeds.
(See fig. l(b).) When the wpoising ie rclatiwly mild, as Is
the case with mnple de~h of ste~, the lmmohes remain within
aply?mimatdy 1° of each other out to the take-off speed. (See
fig. l(a).) TbQ vpper lhulte are scmetimes affected by inter-
ference effects such ea shown in f~o l(c). In this figui’e~
the lower hremch without powei+is normal, lxxttha lower branch
with power has a more cap.lex shape.

Test ‘procedure.-In the Mn@ey +mnksl the limits of–a ?nd.sl.—-
are determim~d by a succession of runs at constant syoed and power
during which the trh range is coveredky varying the elwator
deflection and center-of-gratityposition. Tk9 effect of these
moment parameters on the ~osition of t:e limits has been established
to %e ncg.ligiblo.

The corresyonilingdetermination for the seaplane is more
difficult because of the necessity for ylaning at constant speed
as the trin is varied. Limits have been measu..edduring accelerated
runs when the accelerations have not been so great as to obscure
the boun&wytetween sta%le end unstkble trims.

Center-of-&avity Limitu of Stab31ity

The trim limit~ of stability, elthough of basic impcwtance,
are not-tn thmmmlves a si@ficsnt hydrcilynmic quality becauae
the aotuel instability encountered.during tqke-offs depends on
the relationship of the trim Zimtts and the mnnlng.t15ms. If

?the trim track variation cf trim with syeed) lies wholly within
the stabla range of trims, the take-ofi’will.be stable. If,
however, the trim track intersects a trim limit, porpoising will
occur of en zmq$Litudedepending on the penetration into and the
duration of operation in the Unstalle range.

Whether the trim traoks lte within the stable rar& of trims
or Dot depemis on the external longitudinal mcments actfng. Thus
the imponx@ sovrcea of theue moments become in a yractlcal sense
~ignificant paremetera when dealing W5th po&poising. The 3.0ngt-
tudi.n.al~osition of the’center of gravity, as in the case of

E
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. aerodynamic stability, is a convenient parameter to define the
stable range of moments.

-Wfirr!.tionof center-of-~avity mosition.- The longitudinal——
position of tlhecent@ of gravity is usu&Uy defined in percent
of the mean aeroipnamic chord (M.A.C.] of tho wing to be consistent
with the method universally employed in aircraft operation. In
the case of seaphnes, where the cwater of gravity ia often at
some distance from the M..4.C.,the reference axes ?zustbe defined.
For con~gnience, the posltlon is unue.llyreferred to the horizontal
pfiojectionof the M.A.C. psrcllal to the lo.ngitudi.nalreference
line of the airplane as shown infiwe 2.

The ~erticel position of the center of gra~-ityis usually
define~ as its distance in feet or inches almve the keel at the
step perpendicular to the longitudinal reference line. The
WnenstGn shouldbe recorded since the vertical.position has

● an apprGci.ableeffect on tke effective horizontal position at
trims other than zero.

~SXfatiOn of smplitu~a of V0rP0i9i&tith Center-of-aravit.
/“ positioll.-~yicsl plots of maximum eql.itu~e of porpoi.singduring

accelerated take-offs against pOSitiOilof the cenber of ~avity,
determined .%om tank testo of dynsmic models, ere shown in figure 3.
The amplitude is defined as the largest difference between the
maxtiruaand mlnimumtP_durlng one ~orpoising cycle at any sped
during the take-off. It usu&Ky varies approximately linesr3y with
the center-of-gravity position in the .astable range. The slopes
are generally the sme fcw Ufferent elevatcm deflections b@ are
not the same for the lower-limit and upper-Emit po~ising and
for different seapZanes.

.

.

As my be seen fra figure 3, a@T degree of instability may
be encountered with a conventional seaplane depending on the center-
of-gravity positfon and elevatcm deflection. The ~aotical conter-
of-gravity limit fcm one elevator and flap deflection Is usually
defined as the position for ameximum amplitude of porpofsing of 2°
as shown.

Lower-limit porpoising, deffrSng tho forwmd center-of-gravity
Umit, usually occurs at titermodiate planing speeds where the
trti track intersects the 10WEW limit and then reenters the sta%le
range after which the instability demps Outt Upp3r-li@t~poi sing,
defining the after center-of-gravity limit, usually occurs at speeds
neax take-off where the trim track crosses the upper limit, increasing
trim, and contlnuew above it until the hull is &r-borne. In SCUM
cases with abnormal trti tracks or unstable ‘lklandst*in the trim
limits of stability, the practical limits are more d.iffictitto
determine and must be further qualified.
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Variation or center-of-m+avityWni *S with-elevator— .-.. -d flc~
d~flecticn.- Typical variations of the center-of-grcvi~-limits-—— —.
of stability with upward dcflecbj.on of the elavatotiare shown in
fiCwe 4. Similsr deta showing variations with flap deflection
for various elevator deflections are shown in figwe !3. These
plots vaxy widely smon~ different designs and, consequently,
offer.a rnems.of-quantitativedif’feren.tiationbetween satisfactory
and unsati~factory longitudinal stalility and cor.troll

Figuro A(b) presents data for e flying Woat, tho stabilitiJof
which is critical.with elevator deflection and.which, with the
center of @avity forward of 30 percent M.A.C., requires a large
upward deflection to avoid lower-limit porpoising near the hump
syeed. These characteristics,however, are considered satisfactory
in service. Data very similar to these shown have been obtainod
for the full-size seaplane by the Na~ using a relatively sire@@
technique. .

For conservative practice, the center-of-gravitylimits am
defimwi for elevator deflections which leave a reserve for recovery
in the event of yorpoieing induced by a large disturbance, such as
the wake of’a heat. Downward deflections of tho elevata- are not-
normally considered in defining the 13mitG. l?orexample, at the
forward limit with neutral elevator, the full up-elevator travel
is available for recovery frrmnlower-limit porpoisfn~, and, at
the after limit with full-up elevator, the .fulJ_down-elevator
travel to neutral is available’for reco-t-cmy!&cm upyer-llmit
porpoisl~. This favorable pattern is illustrated in figure a(a).
Figure ~(b), 031 the other hand, shows no stable rango between the
forward limit with zero elevator deflection and the after limit
with ’20° elevator deflection, and sta%le take-offs with constant
elevatw can only be made with little deflection available for
recovery, Such a characteristic is not neceesazzllyunsatisfactory
lmcause service take-offs aro not normally made with constant
elevator deflection and.the reservo deflection may not be considered
essential by the yilot.

Plots of the type shown in figures 4 and 5, together with
the aerodynamic-center-of-gravitylimits, determine the range of
positions of the center of’gravity for practical operation and
should %e included in the operating instructions of the a&pl.ane.

Test y ocedure.- Measurement of water speed is not nc!rm+.ly
requi=to determine the center-of-gravitylimits; hence, the
instrumentation- he stipliffed to Include only & visual trim
indicator, an elevator-position indicator, and a flap-position
indicator. The Navy procedure i.sto mdko a succession of take-offs
with the copilot maintaining constant elevator deflection

●

✎
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and undel+tq that the pilot may ovc power his control.if
requfrod. Elcvatw deflections at various center-of-~avi~,
positions fcw smplitu& of porpolsimg of approximately 2° are
then pldted as in figure L, For unusual patterns, the approxi-
mate water%peed at which the instability is encountered should
also be noted a~ * aid in interpreting tho data..

A large number of teke-offs at $uI.1power is detriment. to
tho e~inesj consequently it q be necessery to explore ccm@etely
the I.imltsby means of model tests end to cmfir?? the fu?.1-siZe
experhnents to those required for carrelatiqn with the model data.
The type of data shown in figures 4 and 5 in q case supply the
necessary information for the operating instructions of the airplane.

Lending Stability

The ~drodynsmlc longitudinal stability of a seaplane ap@ios
to both %sko-ofls and landings, _butthe maneuvers differ in detail
and the landing stability is best treated as a separate hydrodynamic
quallty. The Uud3ng stability becomes of particular f.mportence
when the hull tends to leave tho water in a succession of skips
‘beluwflying speed and when the seaplane is not under complete
control. skippi~ is -@maril,y a function of’landdng speed and
trti but is also imfluencod by the ap~oach technique and the
vertical 8pa.

Ih ~actical operation, it is deslrsble to land stably at
high trims to obtain slower landing spee-s. Instability at contact
trims, fm which the afterbody touches fast ~ is usually assooiatea
with the upper porpoising limits. Skipping of equal or greater
violence may also occur at trims below the lower branch of the UPW
trim limit end above tho lower trti limit. ,*

Vsriation in amplitudes cf akipmina with contact trhq● “ Typical
mriaiions of skipping amplitudes with contact trim, obtained tia
Lsrdlng tests in the Lsngley tanks, are shown in figure 6* Figure 6(d
illustrates the effect ef after?)odyventilation veried by changing
the depth @f the stey. Below tho angle f’orwhich the afterbody keel
is horizontal on contact, the amplitudes are negligible fm either
depth of step.. Above this angle the amplitudes are dangerously high
with the shaUmwer step but are negLigib3.eat SU trims with the
deeper step,8

Figure 6(b) illustrates a form of landing instability associate
with tho ~sition of the center of ~av~ty with respect to the steps.
In this case, landings with the center of gravity at 40 percent
M.A:C. sre alsQ unstable below the afterbody-keel angle and become .-

..
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progrewivdy worse until the afterbody is horizontal. Above
this an@e the smylitudes decrease sudiie~v and are approximately
constant at higher trims as for a sYAI.1ovstep. Muving the center
of #EW3.ty forward 10 percent M.A.C. eliminwtes the Sha-p Increase
in emplitude %elow the critical angle but makes llttle difference
at other trims.

Landing instability frmn additicmd. cauces may he encountered
in which case the pattern may be mol’eccm@ex than tho6e shown, and
tmiuw other than that cori+espondi~ to the at%erbw3y-keel s+gle w
beccme criticelo

~ost nmcedure. - Iknding tests ar~ med.e by making a succession
of landings at verious contact trims and reccrd.i~ the suhscqucnt
behavior. The violence of the resulting ,oscillatfonsor skiy ~n
terms of vertical motion, trim change, or number of skips 2s then
ylotted against the contact trim for various landing-flap settings
and yositions of the center of gravity.

Landing tests ase made hy the Navy u~ing a visual t=im lndlca.tor
end en Eixspeed indicator to gufde the p?.lot-d.uringthe ap~oach
emd to determine the trim and airspeed=t contact. The number of’
skips after contact is counted as a measuro of the landing stability.
Amplitude in trim, for the type of plot shown in ff.gure6, can he
read tirectw from the trim indicatcm %y an o%server. Amylitude
in verbical motion is difficult to ueaworo for a full-size seaplane
but is easily measured in the Langley tanks as a criterion for
systematic investigation of various prsueterso

SEAWOREIINXSS

Sp?ay

Spray is of-importance in the oyeration of seeplanee when it
clscuros vision, ini’lictsphysical damage to structural components,
caucee insta%illty, or delqys teke-offs by reducing the puwer of
the engines. The spray of heavily loaded.multien@ne cmfigurations
often results in one or more of!these defects and, in &xv case, is
a significant quality from considerate.= of resesrch and desi~.

Spay characteristics are usually recorded qualitatively frcm
pilot~s observations or photographs. The value of the data is .
great~ enheaced if acconqynied %y tangible evidence of spzzsy
effects, such as corrosfon of propellor blades~ dmnage to
flaps, or undue engine maintenance. For comparison and correlation ..

purposes, it is of value to recorcithe range of speed over which

,.
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spray effects of interest OCCUY and the effects of acceptable
Ovel’lcY&ds-.:Amy s~sy ltitation on the maximmn ~oss load is.
am ini;c@Ent gtiity. The minimum Loads fur GPay wetting tho
windshield, the Ipropel.lers}the fZaps, and the tail surfaces are “
additional itans for quantitative ccmpxrisons between types and
corro3ations with model data.

:~icsl smo .._ottwe.ter smray ranaass- ~picel r~es of speed
for sway ‘inpropellers md on flaps of m.ultienginetypes ~? “
shown as funo’tim.so? the grose load la figlg?e7. These dg,ta
were obtained with pawez’eddymmic tiels in smmth water in

—

the Langley taiks and can be obtained in a comparable form for
full-size seaplanes with the aid of a water-speed indicatm “dr
a seneitive .airspoedindicata. The data do not, of cm.a%e, ,-
indicate ,thoiqmrtant rihsracteristicsof de~ity and durq$ion,
which ha7e a direct %esrin~ on the sprq effects. .-.

k ud+m.tir imrq. - Sprq in rovgb water is a more ccmpl.ei
~obl~, snd quantitative determir?tl.onsof this quality we
tiffictit to meke. Burringwave encounbws, bursts of s~ay
strike components not nom.slly wetted :-Asu.oothweter, ‘Andthe
severity,of the effects is increased. Sprqy,under,adverse sea
conditions will always 3e’an important consideration~ howover,
and Its evahation will l.o@mUy take the fmm of measuremeti
of the apxsy loads “onthe ccmrpcnentsor other pertinent effcots. - .

,.
,, ,. ,.

Motions end Accelerati~ in Rough Water “

The mo~t severe service conditions for a seapl.smeere the
rough-water take-off end lsnd3r&. A quantitative investigation
of rouglh-waterquelitie6 for a full-sizo seaplano is not often
feasible or even safe. Nevertheless, these qualities sre of
pre i.mpmtemo in the design of types re@ring a hi@ ~@?,. :
of seawort.hines.s.

,,
Frum .anover-all st~dpoint,..the ‘qualitiesof most ‘i&ere8t

are the ~~i~ an~ .en@lay Wceloratione and the msximum trims.
The acc@erations ere measures of the load factors for sl’%uctwreU “:
suyport,i~ concentrateed mmses, ~ the maximmn trims are inticative
of-the extent &f dangerous operation above the stall angle, us-
below flying syeed and without later= control. TIM@e qmitie~ ‘“ .
mey be directly”measured either fm tho full-size scapl&o or fcr
a dynamic model in the more con-@@led conditions df the towing
tank. ““ ,., . . . . .“... —“., ,-. *-—.

.“ —

The.surface of the tie~is’usually a coqffad. yattern ‘of ‘‘‘ ~
supertiposed ~nive,,trains, and the wares vary widqly in length and”.,.,. .,’ ..



10 NACA !l?NNO. ~90

hei@t. Moroover, the maneuvers are favored as much es yosatble
by tho pilot bya $udicim”~ choice of operating area end tirectlon
with rwpsct *O the ~evtiling swell.. In the tan?c,however, mcwe
~*e@.ar re~oducible wavo systems sro used, and.tronda mey be
osta?ili~haclwith vertaiions in the 5mportent parameters that serve
as guides for lluitod open-water tosthg.

Variation of maximum acc~e~t.!.on emd tru——-—— —. ~J@VQ d.s~.“
Typical vcriaticra of maximum acceleration and trim with wavs
length and height, 8s obtained from treo landings of powered
dyru.md.cmodels in onccmi~ waves in the Langley tanks, are sham
in figure 8. There is a pronounced eff%ct of wave length on the
normal acceleration at the center of gravity, and the ~est
mexhnum acceleration ayperently OCCU”S near a wave length of 2.5
hull lengths (measured from bow to stornpost). Increasing the
wave height for a given length increases the acceleration as
would be expected. The maximum trims obtained are not great=
affected %y tho wavo perimeters and, in general, are higher than
the steU. trim.

Test nrocedu~e.- The points shown &cm the model tests are
the ~okahle maximums obtained frcm a num%er of landing runs at
each wavo length and height and usually occur during an uncontrolled
encounte~”with a wave front sub~equent to tho initial contact.
Althou@ obtmhing similar ccmei.stontdata for a frd.1-size~eaplane
wofld he difficult; it can %e attempted with standard flight
accelercmetei’s,a visual trim indicator, and sme method of observing
the size of the waves such as a hydrometer-type buoy.

Teke-off perfonmnce was ori@naUy of first Importance as a
hydrodynamic quality and remains so for the very high pcwer loadings
of’long-range transports and some personal-owner types, as well as
for the wing loedings resulting in a long planing run and high take-
off speed. The perfcmnance is conveniently defined in temms of the
take-off time and distance which aro direct measures of engine-cooling,
operating-area, and other problems; I

Take-off acceleration.- The take-off time end distance are
functions of =o=nsl accelerating force and, hence, of the
longitudinal accelerratiou.A typical.variation of the aco+eration
of a large long-range flying boat with speed for various elevator-
deflections,as determined from tests of a powered dynemj.cnodel in
the Langley te.zim,is sham in fLqure 90 @ this figure, the
acceleration varies widely with the elevatar deflections* At the

,

,

.

.
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hmp speed, Low defloctims are favorablo which sametimes lead to
lower-linit pmpoising; wlmrees near take-off, intermediate
deflections sro favora31e which mmmti.mes lead to upper-limit
porpoisiri.g.Some manipulation of the conirols is reg,uiredto
obtain the best take-of~ performance. -

~~e-off tine and distance.- !lYmtake-off performance is
reatil.ydetezminod.z~cm =w%o of acceleration against speed
as shown in figure 9. Teke-off time is the sxea under tho curve
of l/a plotted against s~eed; take-off distance is the eroa -
under tho curvo of T/a plotted in the seinewsy. For the sea-
plane considered and at a constant~elevator deflection of -150,
the time for a given increment in”speed is greatest mar the hmp
speed. me distance for a given increnent in speed, however, is ‘-
also large neer take-off, as is usually thq caso with high wing
loadings*

Test vrocedure.- The data shown in figure 9 can be measured
directly with a low-frequency accelerometer ~ntta water-sped
indicator during tske-offs at various constant elevata deflections.
For consistency, the measurements should be made flromthe time the
engines develop full teke-off rotational speed to the timo the
step leeves the water, If these times ~“e definitely established,
take-off ttie may be directly measured wtth a ~top watch or tim6r
record. Take-off distance is most conveniently calculated fra
the plot of v/a or from the area under a water speed-tlm.eourve
if this curve is recorded.

LATERAL STNXLITY AND CONTROL

Very little systematic resesrch has been done on lateral
stability and control in terms of full-size operating psratneters
si?nilarto that described for the other hydrodynamic quslities.
This section, therefore, mere~v sumnerizes the obvio-~ later~
qualities as a means of pointing out olme~ations that mW be
made in the course of flight tests and as a moans of Poviding
a basis for further research in model SIze.

Esnalim in close qusrters.- The handling problan in close
quarters is essentiallllythe sane as for surface vessels, and its
evaluation is largely dependent on the seamanship of the pilot.
Qualitative information of value include response to -“ controls
or water rudder, sensitivity to dlfferential power, an~ weather-
cocking tendency. More quantitative information includes such
items as mininnm speed with engines running, which msy be negative
with reversible propellers, end minimwn turning circle.
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~aving. - The ability to texy crosswind may he expemsed in
twins ol ability to hold a straight courso, ability to tn’n downw-
ind, end.tendency of the Fcwnwind tip float to l.mry. A mmeri.cal
value of-interest for ccmqxwi~on puqmses is the maximum advisable
crGsswind or, ?UOYCsyecifiod.ly, the crosswind ah which a tip float
submerges and its ability to emerge %-henthe ceaplene is turned into or
out oi”the wind. The ability to tag downwindmcy likmise be described
by ability to hold course and tendency to weathercock in winds of
V~iOUS magnitudoat

Take-off snd land3.~.-———— Lateral stabilit{ and cor.trolproblems
associated with take-offs end landings tnclude the tendency to FEW at
+0’wspeeds on take-off, to skid at “high@en@ apecds, end to yaw or
water looplfon landing. The ability to hold course can be described
roughly in tei~ of the control deflections or differential power
required end ChSraCtGriBtiCS exhibited in a crosswind. Notes on the
adequacy of thG tip floats underway end thei~ effecta on course-keeping
qualities are usezlilsupplementary information.

Tho hydrodynamic qualities ~esented am genersll.yexpressed in
twins aypropris,teto various sizes and typos of seaplanes end to both
ths protctype and powered dynamic model. These qualities provide,
therefore, means for comparative evaluations of different seaplanes *

and for direct correlations between teds operation and actual seaplane
operation as well as for the establishment of q,uexrbitativerequirements

A s~~ested tabul.atfonof the information required for a ccanpre-
hensive hydrodynamic evaluation of a seapl.ene,either hy full-size or
model tusts, is given in tl.eappendix. All the items named have not
yet been determined for eny one design, end scmo cf them are not of
sufficient iMQOi+XUlcOto ~ustify complete Investigation in all cases.
They serve, however, t-ooutline the yossihle ccope of a flight or tank
investigation of a sye~ific design and of furthe~)hydrodynamic research
on conv~ntional seaplane”problems.

The adequacy of the quelities for tho _purpose~stated can best be
established by their determination for as large a variety of seaplanes
as possible. It is urged that agencies in a yositicn to conduct l@ro-
dynamic investigations along the lines propscdwi.~ continue the
rosoarch as opportunity offccrsin order eventually to wovi.ti a
broader basis for the over-all improvement of the operating cMrac-
teristics of seaplanes.

Lan@ey Memorial Aeronautical.Laboiiatory
National Advisory Committee for Aeronautic

Laz@~ Field, Vs., March 18, 1947
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INFORMATION REEUIR31DFf)R-OIKN}.MIC EVACUATION OF A STWLANE

General:

Thee-view drawing of general a’raugement
span, ft
Over-all length, ft
Height, ft
Normel operational ~oes load, lb
Meximum overload gross load, lb
WiW area, sq ft
Totfiltake-off horsepower
Minimum flight speed, f’13.psin normsl Wnd3ng position, mph
Avoi-agelanding speed, flaps in normal.Mnding ~osition, mph
Average teke-off speed, flaps in normsl take-off posttion, mph
Aero~nsmic center-of-~avity limits, normal and overload,

~ercent M.A.C.
Average vertical.distance of center of gravity fra keel at

step, normal and overload, ft

mu )pL-ticumrs :
.

s

Len@h, Ft
Beam over chines, ft
Height at step, f% .’

Length of forebody, chines at bow to step, ft
Length of afterbody, ft
Statk trim, normal and overload, deg
Static draft, normal and overload, ft
Static heel, normal and ove~loa.d,deg
Angle of afterbody keel to forebody keel, deg
$Xeinposi.angle to forebody keel, deg
Angle of dead rise forwsrd of step including flsre, deg
AngJ.eof dead rise forward of step excluding flsro, deg
Angle of dead rise at bow, deg
Axes of dqad rise of afterbody, deg
Depth of step at keel, f%
Depth of step at chino, ft
Propeller diemeteu, ft
Static propeller clearance on luw side, normal and overload, ft
Static flap clearance on low side, take-off and landing position$

normal and overloady f%
Static tail-surface clearance on low side, elevatcr neutral-,

normal and ove~load, fk

-.

.-



Quantitative hydrodynemia qualitfea, nomael findoverload:

Longitudinal stability end control
Variation of center-of-gravfty limits with upward

ele=ratmran@.e, take-off flap deflection
Vexiation of center-or-gravityMmito with flap

deflection, lowest ~aoticahle upward elevatd
deflection fcu fmwsrd limit and highest practicable
upwsrd eleva:ur deflection for after Limit

Vez’iationOI?number of skips and emplitude in trim
. with contmt trim, landing flap dofloction, emd

yoeitfon of center of gravity
Seaworthiness

Water speeds at which win&hields, hboard”and outboard
pmyell.ers, flaps, eud tail surfaces are m.ibjectto
Sprsy

Maximum normal acceleration and trims in rough water
?erformance

Vazziationof longitudinal accelerationwith speed and
upward elevator deflection, full-power teke-offs,
take-off flap deflection

Take-off .tfme
Take-off dlwtance

Later&l.stability and control
Minimum s~ed, e~ines running, mph
Minimum turning circle, ft
Mexhuum advisable cromwind for tesqy~ngor crosswind at

which tip float submerges, mph
Ykximwn advisable crosswind for landing
Control deflections required to hold course on take-off

and lending, fractions of full deflection

Qtiitative observations, norm.al.md overload:

Longitudinal stahllity and control
Technique required during take-off to avoid porpoieing
Technique reqtied for ap~oach, contaot end remainder

of landing run to avoid instability
Pilot’s reactions

Seeworthiness
Technfque required to aUeviate spnay damage -
l?hoto~a~hs or observations of critical spray cc)nditime
Spr~Y demage and maintenance required
Rough water %ehavior
Pilot’s Yeaotions

—

.

#

.. .. ..

.

n
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Perfomuance
Techn5.querequired for normal take+ffs
Engine cooling characteristics
Pilotts reactions

Lateral stability and control
Ability to maneuver safely in close quarters
Ability to taxy crossw5,ndand turn downwind
Ability to taxy downwind
Tip-float behavior
Technique required to hold

take-offs and landings
Effect of crosswind during
Pilot:s reactions

Pilotts over-all evaluations, normal

straight course during

take+ffs and landings

and overload:

Pilotts over-all evaluation of water handling, take-off,
and landing qual:.riesa6 ccmpared with s~lar types and
with other classes of seaplanes
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